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SPINDLE MOTOR AND DISK 
DRIVE UTILIZING THE SPINDLE 

MOTOR 

Background of Invention 

[0001] The present invention relates to spindle motors and disk-drive devices utilizing 
the spindle motors; in particular to low-profile spindle motors furnished with 
hydrodynamic bearings, and to disk-drive devices utilizing the spindle motors. 

[0002] In hard-disk drives that drive hard disks and like recording disks, spindle motors 



utilizing hydrodynamic bearings that, in order to support the shaft and sleeve as 
"ij either one rotates relative to the other, employ the fluid pressure of a lubricating fluid 

f j such as oil interposed between the two are known. 



i [0003] With regard to spindle motors utilizing hydrodynamic bearings of this sort, the 
applicant in the present application has proposed, in Japanese Laid-Open Pat. App. 
No. 2000-1 1 3582, a spindle motor as illustrated in Fig. 1 . Between the bottom face of 
a rotor 100 and the top-end face of a sleeve 102 in the spindle motor depicted in Fig. 
1, a thrust bearing section 104 is configured. Likewise, between the outer 
circumferential surface of a shaft 1 06 furnished integrally with the rotor 1 00, and the 
inner circumferential surface of the sleeve 102, radial bearing sections 108, 108 are 
configured. The thrust bearing section 104 generates lifting force on the rotor 100, 
and the radial bearing sections 108, 108 function to center-balance in the radial 
direction, and prevent wobble in, the rotor 100. 

[0004] 

The spindle motor depicted in Fig. 1 makes the thrust plate that would be a 
component of the thrust bearing in conventional hydrodynamic bearings unnecessary. 
The consequent advantage is a simplified structure that reduces the cost of the motor 
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and at the same time enables it to be slimmed, without appreciably compromising the 
bearing rigidity. Nevertheless, with the advent of the application of disk drives in 
miniature devices such as portable information terminals, demands are on the rise to 
make the spindle motors used in the disk drives even slimmer. In addition, calls for 
lowering the cost of spindle motors still further have gone hand in hand with reducing 
the cost of disk drives. 

[0005] Running counter to this is the fact that in its sleeve 1 02 the spindle motor 
depicted in Fig. 1 is provided with a communicating passage 1 1 0 made up of a 
through-hole 1 1 0a and channels 110b, 11 0c. The communicating passage 1 1 0 brings 
outside air into the bearing areas — that is, it enables air to circulate into and out of 
the bearing areas — and thus making the end portions of the radial bearing sections 
1 08, 1 08 exposed to the air. Due to the pumping action of dynamic-pressure- 
generating grooves formed in each bearing section, areas in which the internal 



'•W pressure of the oil retained among the bearing sections becomes negative, i.e., at 

ft 1 pressure less than atmospheric pressure, arise. Upon a decrease in the internal 



pressure of the oil to a negative pressure level, air that is entrained in the oil during 
the process of charging the bearing sections with oil, or that is present due to being 
swept in by the dynamic-pressure-generating grooves, appears in the form of 
bubbles. The volume of the bubbles expands with increasing temperature or 
decreasing external environmental pressure. The volume expansion of the bubbles 
brings leaking oil toward the exterior of the bearing sections and impairs the spindle 
motor's durability and reliability. Furthermore, the dynamic-pressure-generating 
grooves that are formed in the bearing sections come into contact with the bubbles, 
which causes vibrations and worsens non-repeatable run-out. The rotational precision 
of the spindle motor therefore worsens. Accordingly, the spindle motor configuration 
includes the communicating passage 1 10 in order to exhaust bubbles to the exterior 
of the bearing sections. 



[0006] 



To bore the communicating passage 1 1 0 for discharging bubbles in this way a 
drilling tool is used. The drill bit can only be so small, however, to be strong enough 
for machining, which limits how small the through-hole 1 1 0a and the channels 1 1 0b, 
1 10c that constitute the communicating passage 1 10 can be made. Consequently, the 
axial dimension of the shaft 106 and the sleeve 102 must necessarily be at least a 
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given size for boring the communicating passage 1 10 and be extensive enough to 
maintain bearing rigidity in the radial bearing sections 108, 108. These requirements 
stand in the way of making the spindle motor slimmer. 

[0007] What is more, the fact that the through-hole 1 1 0a as well as the channels 1 1 0b, 
1 1 0c that constitute the communicating passage 1 1 0 are formed in the sleeve 1 02 
complicates that part of the structure and at the same time increases the number of 
manufacturing processes. An increased-cost spindle motor is the result. 

[0008] Further still, a ring element 1 1 2 that constitutes a retainer for the rotor 1 00 is 
fitted onto the end portion of the shaft 1 06 on the side opposite the rotor 1 00. In 
short, because the thrust bearing section 104; the radial bearing sections 108, 108; 
the through-hole 1 1 0a as well as the channels 110b, 1 1 0c that constitute the 
communicating passage 1 10; and the ring element 1 12 are arranged in the axial 
direction stacked along the same axis, they create an impediment to making the 
spindle motor slimmer. 

Summary of Invention 

[0009] An object of the present invention is to simplify and slim down the structure of a 
spindle motor while maintaining its rotational stability. 

[001 0] Another object is in a spindle motor to maintain the internal pressure of the oil 
retained within the bearing gaps at or above atmospheric pressure, to enable 
preventing the occurrence of air bubbles within the oil. 

[001 1] Yet another object is balancing the internal pressure of the oil retained within the 
bearing gaps of a spindle motor. 

[001 2] A different object of the present invention is to enable preventing particulate 

matter from being produced due to contact between the rotor and stator components 
in a spindle motor. 

t° 01 3 J Moreover, the present invention provides a low-profile, low-cost disk drive that 
can spin recording disks stably; and another object of the present invention 
accordingly is to enable preventing the occurrence of read/write errors that originate 
in oil leaking out from, or in particulate matter being produced by, the spindle motor 
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in a disk drive device. 

[001 4] One example of a spindle motor under the present invention is configured with a 
radial dynamic-pressure bearing section, in between the inner circumferential surface 
of the sleeve and the outer circumferential surface of the shaft, that induces 
hydrodynamic pressure in oil during rotation of the rotor. On at least either one of the 
upper-end face of the sleeve, or the bottom face of the rotor, the motor is also 
furnished with dynamic-pressure-generating grooves, configuring a thrust bearing 
section, that impart radially inward-heading pressure to the oil during rotation of the 
rotor. In addition, at its tip end the shaft is configured with an axial support section in 
which pressure that essentially balances with the oil pressure within the thrust bearing 
\»u section is utilized. 

o 

y [001 5] Likewise, in another example of a spindle motor under the present invention, by a 

U'f 

! s y thrust bearing section, radially inward-heading pressure is imparted to the oil during 

xk 



rotation of the rotor; and by a radial bearing section, hydrodynamic pressure having 
! fl an axially symmetrical pressure gradient is induced in the oil during rotation of the 

i«=s rotor. An axial support section whose pressure essentially balances with the radially 

inward-heading pressure generated in the thrust bearing section is formed along the 

ru 

Sj end face of the shaft, and by cooperation of the thrust bearing section and this axial 

jlp support section, the rotor is lifted. A communicating pathway is formed in between 

the outer circumferential surface of the shaft and the inner circumferential surface of 
a casing member, for communicating oil retained in, and enabling to circulate 
between, the thrust bearing section, and the axial support section along the end faces 
of the shaft and the casing member. 

Moreover, in a different example of a spindle motor under present invention, a 
thrust bearing is configured in between the upper-end face of the sleeve, and the 
bottom-face of the hub, and a radial dynamic bearing is configured in between the 
inner circumferential surface of the sleeve and the outer circumferential surface of the 
shaft. Along its outer circumferential surface the sleeve is furnished with a radially 
flaring annular flange portion, while on the inner circumferential surface of a round- 
cylindrical wall on the rotor, an annular member whose surface at least is harder than 
the sleeve is fixedly fitted. The flange portion and the annular member engage with 



[0016] 
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each other to form a rotor retainer. 

[001 7] In one example of a disk drive under the present invention, the spindle motor that 
spins recording disks includes: a radial dynamic-pressure bearing section, in between 
the inner circumferential surface of the sleeve and the outer circumferential surface of 
the shaft, that induces hydrodynamic pressure in oil during rotation of the rotor; and 
also a thrust bearing section provided with dynamic-pressure-generating grooves, on 
at least either one of the upper-end face of the sleeve or the bottom face of the rotor, 
that impart radially inward-heading pressure to the oil during rotation of the rotor. In 
addition, at its tip end the shaft has an axial support section in which pressure that 
essentially balances with the oil pressure within the thrust bearing section is utilized. 

[001 8] Likewise, in another example of a disk drive under the present invention, by a 

thrust bearing section in the disk drive's spindle motor for spinning recording disks, 
radially inward-heading pressure is imparted to the oil during rotation of the rotor; 
and by a radial bearing section, hydrodynamic pressure having an axially symmetrical 
pressure gradient is induced in the oil during rotation of the rotor. An axial support 
section whose pressure essentially balances with the radially inward-heading pressure 
generated in the thrust bearing section is formed along the end face of the shaft, and 
by cooperation of the thrust bearing section and this axial support section, the rotor 
is lifted. A communicating pathway is formed in between the outer circumferential 
surface of the shaft and the inner circumferential surface of a casing member, for 
communicating oil retained in, and enabling it to circulate between the thrust bearing 
section, and the axial support section along the end faces of the shaft and the casing 
member. 

[0019] 

Moreover, in a different example of a disk drive under present invention, the 
spindle motor that spins recording disks includes: a thrust bearing configured in 
between the upper-end face of the sleeve, and the bottom-face of the hub; and a 
radial dynamic bearing configured in between the inner circumferential surface of the 
sleeve and the outer circumferential surface of the shaft. A radially flaring annular 
flange portion is furnished on the outer circumferential surface of the sleeve, while on 
the inner circumferential surface of a rotor round-cylindrical wall, an annular member 
whose surface is at least harder than the sleeve is fixedly fitted. The flange portion 
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and the annular member engage with each other to form a rotor retainer. 

Brief Description of Drawings 

[0020] Fig. 1 is a is a sectional view that illustrates the configurational outline of a 
conventional spindle motor; 

[0021] Fig. 2 is a is a sectional view that illustrates the configurational outline of a 
spindle motor in a first embodiment of the present invention; 

[0022] Fig. 3 is a conceptual pressure-distribution diagram schematically illustrating 
pressure distribution in the spindle-motor hydrodynamic-bearing oil; 

[0023] Fig. 4 is a is a sectional view that illustrates the configurational outline of a 
spindle motor in a second embodiment of the present invention; 

[0024] Fig. 5 is an elevational, fragmentary view showing a portion of the shaft enlarged 
from the spindle motor depicted in Fig. 4; and 

[0025] Fig. 6 is a sectional view schematically illustrating the internal configuration of a 
disk drive. 

Detailed Description 

[0026] First Embodiment 

[0027] (1) Spindle Motor Configuration 

[0028] Reference is made to Fig. 2, which illustrates a spindle motor in a first 

embodiment of the present invention. Set forth in Fig. 2, the spindle motor is 
furnished with: a rotor 6 made up of a rotor hub 2 — composed of an approximately 
disk-shaped top wall portion 2a, and a round-cylindrical peripheral wall portion 2b 
depending downward from the outer rim of the top wall portion 2a— and of a shaft 4 
one end portion 4a of which is perimetrically inserted into the central portion of the 
top wall portion 2a of the rotor hub 2; a hollow, round cylindrical sleeve 8 rotatively 
supporting the shaft 4; a sealing cap 10 opposing the end face of the shaft 4 along its 
free end, and closing over the lower portion of the sleeve 8; and a bracket 1 2 formed 
integrally with a round cylindrical portion 1 2a for anchoring the sleeve 8. 
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[0029] The bracket 1 2 has a round cupped portion centered on the round cylindrical 

portion 1 2a; and a stator 14 having a plurality of teeth that project radially inward is 
arranged on the inner circumferential surface 1 2b of a peripheral wall that the outer 
circumferential edge of the cupped portion defines. Likewise, a rotor magnet 16 that 
opposes the stator 14 via a radially inward clearance therefrom is fixedly fitted to the 
outer circumferential surface of the peripheral wall portion 2b of the rotor hub 2. 

[0030] A flange-shaped disk-mounting portion 2c for carrying . recording disks on which 
information is recorded (in Fig. 6, represented as recording disks 53) is formed on an 
outer circumferential portion of the peripheral wall portion 2b of the rotor hub 2. 

[0031] A threaded hole 4b is formed in the upper-end portion of the shaft 4 (its end at 

l3 the top wall portion 2a of the rotor hub 2). The recording disks are loaded onto the 

j-;;? disk-mounting portion 2c, and after being retained by a clamp (not illustrated), the 

UJ recording disks are fixedly secured to the rotor hub 2 by fastening a screw (not 

?J illustrated) into the threaded hole 4b. 



[0032] An unbroken series of micro-gaps is formed in between the upper-end face of the 



\\ sleeve 8 and the undersurface of the top wall portion 2a of the rotor hub 2, and— 

I'M .continuing from the top wall portion 2a of the rotor hub 2 — in between outer 

Q circumferential surface of the shaft 4 and the inner circumferential surface of the 

sleeve 8, and continuous therewith, in between the end face of the shaft 4 and the 
inner face of the sealing cap 1 0. Oil continuously fills the micro-gaps without 
interruption, configuring a so-called fully filled hydrodynamic bearing structure. In 
this respect, the configuration of the bearings and their supporting function will be 
described in detail later. 

[0033] The upper-end portion of the sleeve 8 outer circumferential surface is made into 
an annular flange portion 8a that flares radially outward and that is contoured into an 
incline such that the outer circumferential surface contracts parting away from the 
upper-end face of the sleeve 8. The flange portion 8a radially opposes, without being 
in contact with, the inner circumferential surface of the peripheral wall portion 2b of 
the rotor hub 2. 



[0034] 



Because as noted above the outer circumferential surface of the flange portion 8a 
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w forms is movable to suit. Accordingly, attendant on reduction in the amount of oil 

retained, oil held within the taper-seal area 1 8 is supplied to the bearing sections; and 



\-3 



is contoured into an incline, the gap defined in between the inner circumferential 
surface of the peripheral wall portion 2b and the outer circumferential surface of the 
flange portion 8a forms a taper whose radial clearance gradually increases heading 
axially downward (in the direction toward the distal rim of the peripheral wall portion 
2b). In particular, the inner circumferential surface of the peripheral wall portion 2b 
and the outer circumferential surface of the flange portion 8a cooperate to configure a 
taper-seal area 1 8. With regard to the oil retained in the micro-gap series formed (as 
noted above) in between the upper-end face of the sleeve 8 and the undersurface of 
the top wall portion 2a of the rotor hub 2, and—continuing from the top wall portion 
2a of the rotor hub 2 — in between outer circumferential surface of the shaft 4 and the 
inner circumferential surface of the sleeve 8, and continuous therewith, in between 
the end face of the shaft 4 and the inner face of the sealing cap 1 0: the oil-air 
boundary is in the taper-seal area 1 8 alone, and forms a meniscus where the oil 
surface tension and the outside air pressure balance. 

[0035] The taper-seal area 1 8 functions as an oil reservoir, and in accordance with the 

amount of oil retained within the taper-seal area 1 8, the location where the boundary 



meanwhile, expanded oil due to thermal swelling is accommodated within the taper- 
seal area 1 8. 

[0036] In this way, the taper-shaped clearance is formed in between the outer 

circumferential surface of the flange portion 8a of the sleeve 8, and the inner 
circumferential surface of the peripheral wall portion 2b of the rotor hub 2, to 
configure the taper-seal area 1 8 employing surface tension. This configuration makes 
the taper-seal area 1 8 diametrically larger than the bearing sections, and meanwhile 
lets the axial dimension of the taper-seal area 18 be relatively large. Consequently, 
the volumetric capacity within the taper-seal area 1 8 is enlarged, making it 
sufficiently complementary for thermal expansion of the greater amount of oil 
retained in hydrodynamic bearings having the fully-filled structure. 



[0037] 



An annular retaining ring 20 is fixedly attached by means of an adhesive to the 
peripheral wall portion 2b at its end distally beyond the taper-seal area 1 8. The 



APP_ID=1 0063929 



Page 8 of 38 



retaining ring 20 fits into place at the lower-end portion of the outer circumferential 
surface of the sleeve 8 without coming into contact against the lower part of the 
flange portion 8a, whereby a structure that keeps the rotor 6 from coming out from 
the sleeve 8 is configured. By thus configuring the rotor 6 retaining structure along 
the outer circumferential surface of the sleeve 8, a pair of radial bearings, which will 
later be described in detail, and the retaining structure are not arranged lying in a row 
along the same axis. This accordingly enables the entire length of the shaft 4 to be 
put to effective use as a bearing, and makes it possible to scale down the motor into a 
lower profile while maintaining bearing rigidity. 

[0038] Here, arranging the rotor 6 retaining structure external to the bearings, as is the 
case with the spindle motor illustrated in Fig. 2, in order to slim the profile of the 

'S3!? 

p motor means that the retainer is disposed within the air (referred to hereinafter as 

"the dry area"). 

3 

111 [0039] In a hard disk drive, for example, in order to shorten seek time the heads and the 
recording surface of the recording disks are separated by a clearance of as little as 1 u 

Q m or less. Therefore, even micro-particles can get caught in the clearance between a 

U1 

m head and a recording surface, becoming the causative source of a so-called head 

* crash. For spindle motors employed under such environments, this sort of particle 

jij spatter is a serious problem in terms of quality. 

[0040] If the retainer were to be configured inside the bearings, metal abrasion dust that 
would be produced during rotation by contact occurring in the retainer section due to 
exteriorly acting vibrations and shock would be captured by the oil retained in the 
bearing sections. The dust therefore could not be scattered away to the spindle motor 
exterior. In contrast, configuring the retainer section in the dry area means that 
particulate matter produced in the retainer section readily gets scattered away to the 
exterior of the spindle motor. 

[0041] The production of particulate matter during contact becomes even more 

pronounced in those particular situations in which the rotary-side components and 
the stationary-side components that compose the retaining section are made from the 
same type of metal. 
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[0042] Under these circumstances, making the retaining ring 20 harder at least on its 

surface than the sleeve 8 makes scaling down the motor profile while gaining desired 
rotational precision a reality. At the same time, the at least superficially harder 
retaining ring 20 enables preventing as much as possible the production of particulate 
matter due to contact between the retaining ring 20 and the sleeve 8 that together 
constitute the retainer. Accordingly, even if exterior vibrations and shock have an 
impact on the spindle motor when the rotor 6 spins, and contact between the 
retaining ring 20 and the sleeve 8 occurs, the generation of particulate matter will be 
prevented. 

[0043] In this instance, forming the retaining ring 20 from a ceramic material makes 

surer prevention of the production of particulate matter possible, without increasing 
jm the manufacturing process steps. 

•MS? 

w 

CH [0044] Likewise, generation of particulate matter due to contact between the sleeve 8 and 

UJ 

the retaining ring 20 can be prevented by forming the retaining ring 20 from, e.g., a 
V stainless-steel material and carrying out a surface-hardening process on the surface 



thereof. Nickel plating, DLC (diamond-like carbon) coating, or nitriding treatments are 
preferable as surface treatments in this case. 



a 
m 
m 

\j [0045] As far as forming the retaining section is concerned, in either of the foregoing 



cases, the sleeve 8 and retaining ring 20 can be made from raw materials that differ — 
formed using a stainless-steel material or a copper raw material. 

[0046] The upper face of the retaining ring 20 opposes the undersurface of the flange 
portion 8a across an axial gap that is continuous with the taper-seal area 18 and 
whose clearance is smaller than the minimum clearance of the radial gap in the taper- 
seal area 1 8. 



[0047] 



By establishing the clearance of the axial micro-gap defined between the upper 
face of the retaining ring 20 and the undersurface of the flange portion 8a to be as 
small as possible, it functions as a labyrinth seal when the spindle motor is spinning. 
The difference between the air current speed in the axial micro-gap and the air 
current speed in the radial clearance defined in the taper-seal area 1 8 is thus 
enlarged, and the resistance to outflow of oil vapor occurring due to gasification is 
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made greater. This keeps the vapor pressure in the vicinity of the oil boundary surface 
high, so as further to prevent vapor dispersal of the oil. 

[0048] Setting up a labyrinth seal in this way in association with the taper-seal area 1 8 
not only checks outflow of oil as a fluid, but makes it possible to deter outflow to the 
motor exterior of oil mist produced by the oil gasifying due to elevation in the exterior 
ambient temperature of the motor. This consequently works to prevent decline in the 
retained amount of oil and maintain stabilized bearing performance over the long 
term, making the bearings highly durable and reliable. 

[0049] (2) Bearing Configuration 

[0050] Herringbone grooves 22a are formed on the inner circumferential surface of the 
sleeve 8 by its upper-end face so as to induce hydrodynamic pressure in the oil when 
the rotor 6 spins. Each of the herringbone grooves 22a is configured by a pair of 
spiral grooves inclining into each other from mutually opposing directions with 
respect to the rotary direction. An upper radial hydrodynamic bearing section 22 is 
constituted between the inner circumferential surface of the sleeve 8 where the 
grooves 22a are formed and the outer circumferential surface of the shaft 4. 

[0051] Likewise, herringbone grooves 24a are formed on the inner circumferential 
surface of the sleeve 8 along the free-end portion of the shaft 4 so as to induce 
hydrodynamic pressure in the oil when the rotor 6 spins. Each of the herringbone 
grooves 24a is configured by a pair of spiral grooves inclining into each other from 
mutually opposing directions with respect to the rotary direction. A lower radial 
hydrodynamic bearing section 24 is constituted between the inner circumferential 
surface of the sleeve 8 where the grooves 24a are formed and the outer 
circumferential surface of the shaft 4. 

[0052] 

Here, the herringbone grooves 22a, 24a that are formed in the upper and lower 
radial hydrodynamic bearing sections 22, 24 are established so that the spiral groove 
sets generate essentially equal pumping force— so that the groove fundamentals, 
which are axial dimension, inclination angle with respect to the rotary direction, or 
groove width and depth, will be the same. That is, the herringbone grooves 22a, 24a 
are established so as to be axially symmetrical with respect to where the spiral 
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grooves join. Accordingly, in the upper and lower radial hydrodynamic bearing 
sections 22, 24 maximum pressure appears in the axially central portion of the 
bearing sections (where the spiral grooves join), whereby no axial flow is generated in 
the oil. 

[0053] In addition, pump-in spiral grooves 26a are formed on the upper-end face of the 
sleeve 8 so as to induce radially inward-heading pressure (toward the shaft 4) in the 
oil when the rotor 6 spins, and a thrust bearing section 26 is constituted between the 
upper-end face of the sleeve 8 and the undersurface of the rotor hub 2 top wall 
portion 2a. 

[0054] Accordingly, structuring the spindle motor to be a fully-filled type bearing 

configuration while maintaining desired bearing rigidity and — in not requiring a thrust 
plate to configure the thrust hydrodynamic bearing—retaining a simplified, reduced- 
cost enabling structure makes it possible further to slim the motor profile and lower 
its cost. 

[0055] Likewise, an axial support section 28 that, as will later be described in detail, 
employs oil internal pressure heightened by the spiral grooves 26a of the thrust 
bearing section 26, is configured in between the free-end end face of the shaft 4 and 
the inner face of the sealing cap 10 as a hydrostatic bearing section. 

[0056] (3) Manner in Which Rotor Is Supported 

[0057] 

How the rotor 6 is supported by the bearings configured as described in the 
foregoing will be detailed with reference to Fig. 3. Here, Fig. 3 is a pressure- 
distribution chart schematically representing relative relationships in pressure 
distribution, developing from bearing to bearing, of the oil retained in the micro-gap 
formed in between the upper-end face of the sleeve 8 and the undersurface of the top 
wall portion 2a of the rotor hub 2, and—continuing from the top wall portion 2a of 
the rotor hub 2— in between outer circumferential surface of the shaft 4 and the inner 
circumferential surface of the sleeve 8, and continuous therewith, in between the end 
face of the shaft 4 and the inner face of the sealing cap 1 0. Because the pressure 
distribution in the spindle motor is axially symmetrical, however, the pressure 
distribution with respect to the rotational center axis, indicated by the dotted-dashed 
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line in Fig. 3, for the region that would be on the opposite side of a vertical section 
through the spindle motor is omitted. Further, the numbers shown in Fig. 3 are the 
same numbers that mark each of the bearing sections in Fig. 2. 

[0058] Accompanying rotation of the rotor 6, the pumping force from the herringbone 
grooves 22a, 24a in the upper and lower radial hydrodynamic bearings 22, 24 is 
heightened, producing hydrodynamic fluid pressure. As indicated by the distribution 
graph in Fig. 3, the pressure through the herringbone grooves 22a, 24a in the upper 
and lower radial hydrodynamic bearings 22, 24 rises abruptly at their either ends, 
becoming maximal in the places where the spiral grooves join. Utilizing the 
hydrodynamic pressure generated in the upper and lower radial hydrodynamic 
bearings 22, 24, the shaft 4 is supported axially along its upper/lower ends, and 
actions that center the shaft 4 and restore it from deviations are assumed. 

[0059] Accompanying rotation of the rotor 6, radially inward-heading pressure is induced 
in the oil in the thrust bearing section 26 by the pump-in spiral grooves 26a. The flow 
of the oil is accelerated by the radially inward-heading pressure, raising the oil 
internal pressure and generating hydrodynamic pressure acting in a lifting direction 
on the rotor 6. As indicated in Fig. 3, the hydrodynamic pressure induced in the thrust 
bearing section 26 does not rise abruptly as is the case with the upper and lower 
. radial hydrodynamic bearings 22, 24; rather, at maximum it is at a level exceeding 
atmospheric pressure to a certain degree. 



Owing to the pressure generated in the thrust bearing section 26, pressure-wise 
the oil retained— continuing from the top wall portion 2a of the rotor hub 2 — in 
between outer circumferential surface of the shaft 4 and the inner circumferential 
surface of the sleeve 8, and continuous therewith, in between the end face of the shaft 
4 and the inner face of the sealing cap 1 0 is essentially sealed. Likewise, the fact that 
the herringbone grooves 22a, 24a formed in the upper and lower radial hydrodynamic 
bearings 22, 24 have an axially symmetrical form, and that the dynamic pressure 
generated is balanced in the axial direction means that, as described above, axially 
directed flow is not induced in the oil. Thus, the internal pressure of the oil retained in 
between the outer circumferential surface of the shaft 4 and the inner circumferential 
surface of the sleeve 8, and continuous therewith, in between the end face of the shaft 



[0060] 
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4 and the inner face of the sealing cap 1 0, thereby does not undergo interference 
from the hydrodynamic pressure generated in the upper and lower radial 
hydrodynamic bearings 22, 24. Rather, the internal pressure of the oil retained in 
these areas balances with the internal pressure of the oil retained in the thrust bearing 
section 26. Accordingly, as indicated in Fig. 3, in either of these areas the internal 
pressure of the oil will be on par with that of the oil retained in the thrust bearing 26. 
Negative pressure, wherein the internal pressure would go below atmospheric 
pressure, will not be generated in the oil retained within these micro-gaps. 

Problems with leakage of oil out to the bearing exterior, with vibrations, or with 
worsening of non-repeatable run-out, which arise due to air bubbles residing within 
the oil, are accordingly prevented from occurring. Thus, a communicating passage for 
communicating the bearing interior with the external air is thereby rendered 
unnecessary. 

As noted above, the pressure generated in the thrust bearing 26 it is at a level 
exceeding atmospheric pressure to a certain degree, but this pressure alone is 
unlikely to lift the rotor 6 sufficiently. Nevertheless, the internal pressure of the oil 
retained in the axial support section 28 formed between the free-end end face of the 
shaft 4 and the inner face of the sealing cap 10 as described above will be pressure 
equal to the oil internal pressure heightened by the hydrodynamic pressure induced in 
the thrust bearing section 26. That is, although a hydrodynamic bearing is not 
configured between the inner face of the sealing cap 1 0 and the end face of the shaft 
4, the axial support section 28— which functions as a so-called hydrostatic pressure 
bearing, and which in cooperation with the thrust bearing 26 allows the rotor 6 to be 
lifted — is configured. 

[0063] Accordingly, the thrust bearing section 26 and the axial support section 28 
cooperate to enable the rotor 6 to be sufficiently lifted. 

[0064] Here, as illustrated in Fig. 2 an annular thrust yoke 30 made of a ferromagnetic 
material is disposed in a position on the bracket 1 2 opposing the rotor magnet 1 6. 
This generates axially directed magnetic attraction between the rotor magnet 1 6 and 
the thrust yoke 30 that balances the lifting pressure on the rotor 6 generated in the 
thrust bearing section 26 and the axial support section 28, stabilizes the thrust- 



[0061] 
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directed support of the rotor 6, and controls occurrence of over-lift that would buoy 
the rotor 6 more than necessary. A thus magnetically urging force can also be made to 
act on the rotor 6 by, for example, displacing the magnetic centers of the stator 14 
and the rotor magnet 16 in the axial direction. 

[0065] Second Embodiment 

[0066] (4) Spindle Motor Configuration 

[0067] Next, using Figs. 4 and 5 the configuration of a spindle motor in a second 

embodiment of the present invention will be described. Here, components in the 
second embodiment that are identical with the first embodiment are marked with the 
same reference numerals, and explanation thereof is omitted. Likewise, the bearing 
configuration is essentially identical with the first embodiment, as is the way in which 
the bearings support the rotor, and the configuration is therefore marked with the 
same reference numerals. 
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% [0068] Set forth in Fig. 4, the spindle motor includes: a rotor 6 ' made up of a rotor hub 2 



' —composed of an approximately disk-shaped top wall portion 2 ' a, and a round- 
cylindrical peripheral wall portion 2b depending downward from the outer rim of the 

J • 

| top wall portion 2a — and of a shaft 4 ' formed integrally with the central part of the 

top wall portion 2 ' a of the rotor hub 2 ' ; and a round-cylindrical casing member 5 

r 

that is fitted to the outer circumferential surface of the shaft 4 ' . 

[0069] Reference is made now to Fig. 5, which is an elevational view representing the 
shaft 4 ' enlarged. As illustrated in Fig. 5, a single helical groove 4a ' (represented in 
part by dashed lines) is furnished on the outer circumferential surface of the shaft 4 ' , 
running in the axial direction from its upper to its lower end. 

[0070] (5) Configuration and Function of Communicating Pathway 

[0071] The helical groove 4a ' is formed by a machining process to have a sectional 
contour that is approximately rectangular or triangular, or else semicircular. Here, 
when carrying out the process of machining the helical groove 4 ' a into the outer 
circumferential surface of the shaft 4 ' , the process can be carried out in a single 
chucking. 
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[0072] With the casing member 5 fitted onto the outer circumferential surface of the 
4 ' , in between it and the inner circumferential surface of the casing member 5 ' a 
helix-shaped communicating pathway 7 is defined by the helical groove 4 ' a. The 
communicating pathway 7 runs along the inner circumferential surface of the casing 
member 5 ' from the upper to the lower end portion in the axial direction, i.e., the 
pathway 7 is continuous with the micro-gaps formed in thrust bearing section 26 and 
the axial support section 28. Within the communicating pathway 7, oil is retained 
continuously with the oil held in the thrust bearing section 26 and in the axial support 
section 28. Likewise, the internal pressure of the oil retained within the 
communicating pathway 7 balances with the internal pressure of the oil retained in 
bearing sections. 

[0073] Maintaining a predetermined dimension in the micro-gap formed in between the 
inner circumferential surface of the sleeve 8 and the outer circumferential surface of 

01 

y the casing member 5, wherein the upper and lower radial hydrodynamic bearing 

m\ sections 22, 24 are constituted, balances the internal pressure of the oil retained in 

the bearing sections and the internal pressure of the oil retained within the 

is 

I communicating pathway 7. As a result, there will be no occurrences of oil flowing 



■jj through the communicating pathway 7 in between the thrust bearing section 26 and 

the axial support section 28. 



1 * tr [° 074 ] Nevertheless, on account of manufacturing discrepancies in the inner 

circumferential surface of the sleeve 8 or the outer circumferential surface of the 
casing member 5, or due to the impact of stresses that occur in fastening the screw 
into the threaded hole 4 ' b provided in the shaft for retaining recording disks on the 
disk disk-mounting portion 2 ' c of the rotor hub 2 ' , the clearance of the micro-gap 
formed in between the inner circumferential surface of the sleeve 8 and the outer 
circumferential surface of the casing member 5 will sometimes be non-uniform 
between the upper-end and lower-end sides in the axial direction. Should the micro- 
gap formed between the sleeve 8 inner circumferential surface and the casing member 
5 outer circumferential surface be non-uniform, an imbalance in the pumping by the 
herringbone grooves 22a, 24a that generate hydrodynamic pressure—whose pressure 
gradient intrinsically is axially symmetrical — will occur in either of the upper and 
lower radial hydrodynamic bearing sections 22, 24. Consequently, an axial flow will be 



APPJD=1 0063929 



Page 16 of 38 



induced in the oil. This means that a disparity in internal pressure of the oil in the 
upper end and in the lower end axially of the micro-gap formed between the sleeve 8 
inner circumferential surface and the casing member Souter circumferential surface — 
i.e., a pressure disparity between the thrust bearing section 26 and the axial support 
section 28— will arise. If this oil internal pressure difference is left as is, oil will 
happen to flow from the lower to the upper end axially, giving rise to negative 
pressure in the axial support section 28. Likewise, oil will happen to flow from the 
upper to the lower end axially, raising the internal pressure of the oil in the axial 
support section 28 more than is necessary and producing over-lift on the rotor 6. 

[0075] Countering this, the communicating pathway 7 that is continuous with micro-gaps 
formed in the thrust bearing section 26 and the axial support section 28, and that 
retains oil continuously with the oil retained in these thrust-bearing and bearing 
sections 26 and 28, is provided. Therefore, even if the above-noted axial flow is 

en 

Ly induced in the oil, and a disparity arises in the internal pressure of the oil in the upper 
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end and in the lower end axially of the micro-gap formed between the sleeve 8 inner 
hQ circumferential surface and the casing member 5 outer circumferential surface, 

!«i because a flow of oil passing through the communicating pathway 7 from the 

'S3:? 

W"j internal-pressure high end to the low end will occur, the internal pressure of the oil 

Si retained in each of the bearing areas will balance, preventing incidents of negative 
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pressure and over-lift. 
[0076] (6) Configuration of Disk Drive Device 

[0077] Reference is made to Fig. 6, in which the internal configuration of a disk drive 50 
. is illustrated as an exemplary diagram. A clean space where dust and debris are 
extremely slight is formed inside a housing 51 , in the interior of which is disposed a 
spindle motor 52 on which platter-shaped recording disks for data recordation are 
fitted. In addition, a head-shifting mechanism 57 that reads data from and writes data 
onto the recording disks 53 is disposed within the housing 51 . The head-shifting 
mechanism 57 is composed of heads 56 that read/write data on the recording disks 
53; arms 55 that support the heads 56; and an actuator 54 that shifts the heads 56 
and arms 55 over the needed locations on the recording disks 53. 

[0078] Employing a spindle motor under the first or second embodiments of the present 
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invention as the spindle motor 52 for the disk drive 50 as such yields desired 
rotational precision while making it possible to scale the disk drive 50 down into a 
lower profile and reduce its cost. In addition, the reliability and durability of the disk 
drive 50 may be improved. 

[0079] While spindle-motor and disk-drive embodiments in accordance with the present 
invention have been explained in the foregoing, the present invention is not limited to 
these embodiments. Various changes and modifications are possible without 
departing from the scope of the invention. 

For example, instead of the pump-in type of spiral grooves 26a that were 
described in the foregoing embodiments, herringbone grooves that in the radial 
direction are asymmetrical in contour would be possible as the means provided in the 
thrust bearing section for generating pressure that acts radially inward on the oil. This 
would establish a situation in which pumping force from the spiral, radially outwardly 
located grooves would exceed pumping force from the spiral, radially inwardly located 
grooves. The amount of imbalance in pumping force between the spiral groove areas 
would therefore be pressure acting radially inward on the oil. 

Here, in a situation in which the above-described herringbone grooves are 
furnished in the thrust bearing section, the lifting force imparted to the rotor will be 
higher than the lifting force generated in the spiral grooves. The load-supporting 
force from the thrust bearing section therefore will be improved, but a downside tied 
in with the lifting force being generated in the bearing sections is a concern that over- 
lift on the rotor will arise. Consequently, this must be controlled by means of 
magnetic urging force imparted to the rotor. 
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